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FORMING FASTENER MOLD CAVITIES BY 
ELECTRO-DISCHARGE MACHINING 

BACKGROUND OF THE INVENTION 

This invention relates to forming very small mold cavities 
for molding small features integral With a base sheet, and has 
particular application to the production of touch fasteners 
and the like. 

Fastener elements for hook-and-loop touch fasteners may 
be made as disclosed in Fischer US. Pat. No. 4,794,028. In 
commercial production, a mold roll is formed from a large 
number of thin, disk-shaped mold plates and spacer plates 
Which are stacked concentrically on a central barrel. At the 
periphery of the mold plates are cavities for molding the 
hook elements. Typically, each mold cavity of the plate is 
formed by Wire electro-discharge machining (EDM) meth 
ods. Also, the required small Wire diameter limits the rate at 
Which the mold plates can be produced. 

SUMMARY OF THE INVENTION 

We have realiZed that improvements in the processes for 
forming fastener elements can be made, especially processes 
With electro-discharge machining methods. 

One aspect of the invention concerns a method of pro 
ducing mold plates having series of mold surfaces formed at 
the edges of the plates for molding a product having an array 
of fastener elements. The method includes stacking ?at, 
sheet-form blanks of plate material together to form a stack 
of blanks, each sheet-form blank of the stack having an 
exposed edge. An electrode is provided having an exposed 
side surface With a multiplicity of longitudinal ribs extend 
ing therefrom. Each longitudinal rib has a cross-sectional 
shape corresponding With the pro?le shape of a fastener 
element. The electrode is moved, in a direction parallel to its 
ribs and in the presence of a voltage differential betWeen the 
electrode and the blank, along exposed edges of the stacked 
blanks such that the ribs of the electrode cause material to be 
removed from the blanks, by electro-discharge machining 
method, to produce mold plates from the blanks. Each mold 
plate has a series of fastener element-shaped mold surfaces 
extending inWardly from an outer edge of the plate. 

Certain preferred embodiments of the invention include: 
cylindrical electrode With ribs extending radially inWard 
from an inner side surface of the electrode for forming mold 
surfaces in circular mold plates; preferably, the electrode is 
moved axially in coaxial relation With the axis of the plates. 

In some cases, the method includes passing a ?rst elec 
trode through the sheet-form blanks to rough-cut the mold 
plates, and then passing a second electrode through the 
rough-cut mold plates to ?nish-cut the mold plates and the 
fastener element-shaped mold surfaces. 

In certain preferred embodiments, at least 200 mold 
surfaces at the outer edge of the mold plates are simulta 
neously formed; preferably, at least 400 mold surfaces are 
simultaneously formed. Preferably, the thickness of mold 
plate, as formed, is less than about 0.020 inch. 

In other embodiments, the mold surfaces de?ne distal 
features having end radii of less than about 0.001 inch; 
preferably, less than about 0.0005 inch. 

In another embodiment, moving the electrode forms 
alignment features in the mold plates, to align the mold 
surfaces of adjacent plates in a stack. The alignment features 
can be non-circular. 

In cases Where the electrode is cylindrical, the side surface 
of the electrode may be tapered from a ?rst opening of the 
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electrode to a second opening of the electrode, in Which the 
?rst opening has a diameter larger than the diameter of the 
mold plates and the second opening has a diameter corre 
sponding to the diameter of the mold plates. 

In other embodiments, moving the electrode along the 
stacked blanks forms an array of cooling holes in the mold 
plates. 

According to another aspect, the invention concerns a 
method of producing a circular mold plate having a series of 
mold surfaces formed in and spaced around its peripheral 
edge for molding a fastener product having an array of 
fastener elements. The method includes providing a ?at, 
circular, sheet-form blank of plate material having an 
exposed edge. A cylindrical electrode is provided, the elec 
trode having a series of longitudinal ribs spaced about and 
extending inWardly from an inner bore of the electrode. Each 
longitudinal rib has a cross-sectional shape corresponding 
With the pro?le shape of a fastener element. The electrode is 
moved, axially in the presence of a voltage differential 
betWeen the electrode and the blank, along the exposed edge 
of the blank such that the ribs of the electrode cause material 
to be removed from the outer edge of the blank, by electro 
discharge machining method. Amold plate is produced from 
the blank, the mold plate having a series of fastener element 
shaped mold surfaces extending inWardly from its peripheral 
edge. 

Certain preferred embodiments of the invention may 
include one or more of the folloWing features: forming mold 
surfaces that extend through the thickness of the mold plate; 
forming mold surfaces on one side of the mold plate that do 
not extend through the thickness of the mold plate; stacking 
at least tWo blanks to form a blank stack and simultaneously 
forming mold surfaces in all of the blanks in the stack; 
simultaneously forming at least 200 mold surfaces at the 
peripheral edge of the mold plate; preferably, at least 400 
mold surfaces are simultaneously formed; the thickness of 
the mold plate, as formed, is less than about 0.020 inch; the 
mold surfaces de?ne distal features having end radii of less 
than about 0.001 inch; preferably, less than about 0.0005 
inch. 

According to another aspect, the invention provides a 
mold plate, produced from a ?at, circular, sheet-form blank 
of material, having a series of fastener element-shaped mold 
surfaces around its peripheral edge simultaneously formed 
by a cylindrical electro-discharge machining electrode. The 
plate may have any number of the features heretofore 
described With respect to the methods of the invention. 

Other features and advantages Will be apparent from the 
folloWing description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of a molding system employing a 
mold roll. 

FIG. 2 is a fragmentary vieW, partially cut aWay of the 
mold roll. 

FIG. 3 is an enlarged vieW of a portion of a mold plate. 

FIG. 4A is a close-up vieW of area 4 of FIG. 3. 

FIG. 5A is a schematic perspective vieW of an electro 
discharge machining (EDM) method for mold plate manu 
facture. 

FIG. 5B is a side vieW of the EDM method illustrated in 
FIG. 5A. 

FIG. 6A is a side vieW of a molded fastener element. 

FIG. 6B is a front vieW of the fastener element of FIG. 6A. 
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FIG. 6C is a close-up vieW of the area 200 of FIG. 6A. 

FIG. 7 is an enlarged vieW of a surface of a mold roll. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates a molding system using a mold roll for 
the production of fastener elements for touch fastener prod 
ucts. The process and basic machine shoWn are as described 

in US. Pat. Nos. 4,775,310, 4,794,028 and 4,872,243. 
The mold roll 10 has roWs of small fastener shaped mold 

cavities around the circumference of its outer surface 11 
(FIG. 2) for forming fastener projections on a strip-form 
touch fastener product 12. Mold roll 10 is, e.g., 10 to 12 
inches in diameter, and has many round, thin mold plates 26, 
for instance of 0.004 to 0.020 inch thickness, held together 
as a stack. Molten synthetic resin 14 is forced into the 
cavities under pressure at a nip 16, betWeen mold roll 10 and 
a pressure roll 18. In a continuous process, the fastener 
projections are pulled from the cavities in area 20 after the 
projections have cooled and solidi?ed enough to be pulled 
intact out of their mold cavities, remaining integral With the 
base sheet of the product. The projections are pulled out of 
mold roll 10 by passing the product around an idler roll 22 
to a takeup assembly 24. 

Referring to FIG. 2, up to 2000 or more individual mold 
plates 26 of mold roll 10 are aligned and stacked axially on 
a common shaft 28. Plates 26 are held together under axial 
compression by an array of tie rods 30 that extend through 
aligned holes in the plates, parallel to shaft 28, and are 
tensioned by threaded nuts 32. 

Referring to FIGS. 3 and 4A, a section of a mold plate 26 
has mold surfaces 42 formed at the periphery of the plate. 
Also shoWn in FIG. 3 are cooling holes 43 disposed near the 
periphery and extending through plate 26. Cooling holes 43 
alloW the passage of a coolant to keep the plates at a desired 
temperature. Mold surface 42 extends through the thickness 
of the mold plate 26, and, in combination With side surfaces 
of adjacent spacer plates, de?nes a fastener-shaped mold 
cavity 44. Cavities 44 are located at the peripheral surface of 
the assemble mold roll and are shaped to form fastener 
elements (for example, hooks) molded integrally With a base 
sheet of a fastener product in a continuous process. 

FIGS. 5A and 5B illustrate an electro-discharge machin 
ing (EDM) process for forming a mold plate 26 and mold 
surfaces 42 around a outer edge 50 of the mold plate from 
a mold plate blank 46. Rather than forming each mold cavity 
surface one at a time by Wire EDM method, all mold cavity 
surfaces are formed simultaneously. For example, at least 
200 (preferably, at least 400) mold surfaces can be formed 
at once. To produce a ?nished mold plate, a set of metal 
mold plate blanks 46, each having a preformed inner diam 
eter 48, outer diameter 50, alignment holes 45 and cooling 
holes 43 (shoWn by dashed lines), are stacked on surface 60, 
the stack of mold plates being about 0.5 inch in thickness. 
Attached to surface 60 are a pilot stem 49 and threaded 
stems 51 Which are arranged so that pilot stem 49 extends 
through the center hole of each plate de?ned by inner 
diameter 48 and the threaded stems extend through every 
other cooling hole 43. To prevent any movement of the 
plates during the machining process, an annular ring 59 is 
placed on the stack of mold plates With stems 51 extending 
through holes 65 disposed Within the ring. Ring 59 is 
secured to the plates by tightening nuts 47 (FIG. 5B) onto 
threaded stems 51. Support legs 58 are employed to raise 
surface 60 and hence the stack of mold plates from ?oor 55 
to provide unobstructed passage of electrode 52 through the 
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4 
entire stack. The stack of mold plate blanks is presented to 
a cylindrical EDM electrode 52. Electrode 52, attached to 
support rods 56, is about 1 inch thick and has an inner 
diameter 53, a ?rst opening 70, a second opening 72, and a 
plurality of fastener-shaped axial forming ribs 54 extending 
inWardly from inner diameter 53. To form the mold surfaces 
about the perimeter of the plate, electrode 52 is loWered 
along guide shafts 57 onto mold plate blank 46 such that an 
electric discharge betWeen the blank 46 and ribs 54 removes 
material from the blank, simultaneously forming all of the 
mold surfaces 42 about the periphery of the plate. In some 
cases an electric discharge from electrode inner diameter 53 
also removes blank 46 material to form the ?nished outer 
diameter of the plate. In another tWo-step process, cooling 
holes 43 are ?rst formed by a conventual plunge EDM 
process Which is then folloWed by the process described 
above. The electrode is typically made of graphite, but could 
also be made of other suitable materials such as copper. The 
forming ribs 54 are cut by conventional Wire EDM machin 
ing methods. 
A particular advantage of the present invention is that 

certain fastener element features formed With the mold 
surfaces produced by electrode 52 can be of smaller siZe 
than those formed With mold surfaces produced by conven 
tional Wire EDM methods. For instance, hook-shaped fas 
tener elements With tips having radii, R, of about 0.001 inch 
or less (preferably only about 0.0005 inch), are readily 
produced in cavities formed by electrode 52, as shoWn in 
FIGS. 6A—6C. In Wire EDM methods, the Wire diameter 
determines the minimum achievable radius of internal cavity 
features. Furthermore, production rates of about tWo plates 
per hour can be produced by the method. 

Referring to FIG. 7, plates produced as described in FIGS. 
5A and 5B can be stacked to form a mold roll 300 Without 
spacer plates, by preselecting the number and arrangement 
of the mold surfaces and cooling holes such that adjacent 
plates 26 may be rotationally indexed to align their cooling 
holes Without overlapping any of their mold surfaces. The 
?nished mold plates 26 are offset by a certain index so that 
a ?at surface, spaced betWeen consecutive mold surfaces, of 
one mold plate is aligned With a mold surface of an adjacent 
plate to de?ne a mold cavity 44. Such mold rolls can thereby 
have about tWice the number of mold cavities per square 
peripheral inch than mold rolls having spacer plates stacked 
alternating With ?nished mold plates. 

Other embodiments are Within the scope of the claims. 
For instance, a mold cavity for a given feature can be formed 
by accurately aligning cavity portions in tWo or more mold 
plates to form a single mold cavity. In other instances, mold 
surfaces that do not extend through the thickness of a mold 
plate are readily formed by arresting the advance of the 
electrode prior to burning completely through the plate. For 
some ?nished mold plates, the mold plates and mold sur 
faces around the periphery of each mold plate are fabricated 
in a sequential fashion. In some mold plates, mold surfaces 
are formed on both sides of the plates, the array of mold 
cavities on the tWo sides of a plate being circumferentially 
offset to avoid interference betWeen mold cavities on mat 
ing. Mold surfaces can be formed along edges of any shape 
of mold plate by employing electrodes fashioned according 
to the shape of the edge of the plate. 

In some cases, a tWo-step process is used to form the mold 
plates. In the ?rst step, a Worn electrode makes a rough cut 
of the mold surfaces 42 into the stack of mold plate blanks 
46. In a second step, the ?nished mold surfaces are cut With 
a neWer electrode. 
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What is claimed is: 
1. A method of producing mold plates having series of 

mold surfaces formed at edges of the plates for molding a 
product having an array of fastener elements, the method 
comprising: 

stacking ?at, sheet-form blanks of plate material together 
to form a stack of blanks, each sheet-form blank of the 
stack having an exposed edge, 

providing an electrode having an exposed side surface 
With a multiplicity of longitudinal ribs extending 
therefrom, each longitudinal rib having a cross 
sectional shape corresponding With the pro?le shape of 
a fastener element, and 

moving the electrode, in a direction parallel to its ribs and 
in the presence of a voltage differential betWeen the 
electrode and the blank, along exposed edges of the 
stacked blanks such that the ribs of the electrode cause 
material to be removed from the blanks, by electro 
discharge machining, to produce mold plates from the 
blanks, each mold plate having a series of fastener 
element-shaped mold surfaces extending inWardly 
from an outer edge of the plate. 

2. The method of claim 1 Wherein said electrode is 
cylindrical in shape, With ribs extending radially inWard 
from an inner side surface of the electrode for forming mold 
surfaces in circular mold plates. 

3. The method of claim 2 Wherein the step of moving 
includes moving said electrode axially in coaxial relation 
With the axis of said plates. 

4. The method of claim 2 Wherein the side surface of the 
electrode is tapered from a ?rst opening of said electrode to 
a second opening of said electrode, the ?rst opening having 
a diameter larger than the diameter of said mold plates and 
the second opening having a diameter corresponding to the 
diameter of said mold plates. 

5. The method of claim 1 Wherein the step of moving the 
electrode simultaneously forms at least 200 mold surfaces at 
the outer edge of the mold plates. 

6. The method of claim 5 Wherein the step of moving the 
electrode simultaneously forms at least 400 mold surfaces at 
the outer edge of the mold plates. 

7. The method of claim 1 Wherein the thickness of a mold 
plate, as formed, is less than about 0.020 inch. 

8. The method of claim 1 Wherein the mold surfaces 
de?ne distal features having end radii (R) of less than about 
0.001 inch. 

9. The method of claim 8 Wherein the mold surfaces 
de?ne distal end features having an end radii (R) of less than 
about 0.0005 inch. 

10. The method of claim 1 Wherein the step of moving the 
electrode forms alignment features in the mold plates, to 
align the mold surfaces of adjacent plates in a stack. 

11. The method of claim 10 Wherein the alignment 
features are non-circular. 
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12. The method of claim 1 further comprising: 

passing a ?rst electrode through the sheet-form blanks to 
rough-cut said mold plates; and 

passing a second electrode through said rough-cut mold 
plates to ?nish-cut said mold plates and said fastener 
element-shaped mold surfaces. 

13. The method of claim 1 Wherein moving the electrode 
along the stacked blanks forms an array of cooling holes in 
the mold plates. 

14. Amethod of producing a circular mold plate having a 
series of mold surfaces formed in and spaced around its 
peripheral edge for molding a fastener product having an 
array of fastener elements, the method comprising: 

providing a ?at, circular, sheet-form blank of plate mate 
rial having an exposed edge, 

providing a cylindrical electrode having a series of lon 
gitudinal ribs spaced about and extending inWardly 
from an inner bore of the electrode, each longitudinal 
rib having a cross-sectional shape corresponding With 
the pro?le shape of a fastener element, and 

moving the electrode, axially in the presence of a voltage 
differential betWeen the electrode and the blank, along 
the exposed edge of the blank such that the ribs of the 
electrode cause material to be removed from the outer 

edge of the blank, by electro-discharge machining, to 
produce a mold plate from the blank, the mold plate 
having a series of fastener element-shaped mold sur 
faces extending inWardly from its peripheral edge. 

15. The method of claim 14 Wherein said mold surfaces, 
as formed, extend through the thickness of the mold plate. 

16. The method of claim 14 Wherein said mold surfaces 
are formed on one side of the mold plate, and do not extend 
through the thickness of the mold plate. 

17. The method of claim 14 including stacking at least tWo 
blanks to form a blank stack and simultaneously forming 
mold surfaces in all of the blanks in the stack. 

18. The method of claim 14 including simultaneously 
forming at least 200 mold surfaces at the peripheral edge of 
the mold plate. 

19. The method of claim 18 including simultaneously 
forming at least 400 mold surfaces at the peripheral edge of 
the mold plate. 

20. The method of claim 14 Wherein the thickness of the 
mold plate, as formed, is less than about 0.020 inch. 

21. The method of claim 14 Wherein the mold surfaces 
de?ne distal features having end radii (R) of less than about 
0.001 inch. 

22. The method of claim 21 Wherein the mold surfaces 
de?ne distal features having end radii (R) of less than about 
0.0005 inch. 


